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The Bumpy Road of Demand Growth—
An Application to Atlantic Salmon
Eivind Hestvik Brækkan; Sverre Braathen Thyholdt, University of Tromsø
ABSTRACT
We measure demand growth for all salmon-importing regions of the world using an index approach for the
2002–2011 period. Our results demonstrate that there are substantial variations in demand growth by region and
over time. Russia and Brazil exhibit the highest demand growth, with average annual growth rates of approx-
imately 20%. More established markets, such as the United States and Japan, demonstrate the lowest annual
demand growth, at approximately 3%. During the sample period, the average annual rate of aggregated global
demand growth is approximately 9%, whereas total global demand growth is approximately 94%.
Key words: Aquaculture economics, market analysis, seafood markets, unstable demand growth, worldwide.
JEL Codes: D12, Q22.
INTRODUCTION
Aquaculture has been the world’s fastest growing food production technology during recent de-
cades (Smith et al. 2010), and salmon production has grown faster than aquaculture production
in aggregate. Farmed salmon production, which includes Atlantic salmon, coho, and salmon trout,
has increased from a few thousand tons in 1980 to over 2.4 million tons in 2011 (Asche et al. 2013).
Atlantic salmon is the dominant species in salmon production and accounted for more than 76%
of worldwide output in 2008 (Asche and Bjørndal 2011). The underlying reasons for the tremen-
dous growth in salmon production are dramatic increases in both productivity and demand (Asche
2008).
For many years, the main engine of growth in salmon aquaculture was increased productiv-
ity. Increased control over the production process reduced production costs, increased competi-
tiveness, and lowered prices for consumers (Asche, Roll, and Tveterås 2012). Several studies
document the productivity growth in salmon aquaculture (Asche and Roll 2013; Nilsen 2010;
Vassdal and Sørensen Holst 2011; Asche, Guttormsen, and Nielsen 2013; Roll 2012). This
literature also demonstrates the sophisticated methodological framework that has been devel-
oped to analyze the impact of technological change on firm behavior. Kumbhakar and Lovell
(2000) provide a good overview of the parametric part of this tool kit, whereas Coelli et al.
(2005) provide a review of index approaches.
Although there is little doubt that advances in productivity comprise a major factor in salmon
aquaculture’s tremendous growth, recent studies suggest that productivity increases have slowed
since 2005 (Asche, Guttormsen, and Nielsen 2013; Vassdal and Holst 2011). Nonetheless, the price
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of salmon has exhibited a slight upward trend even as the quantity supplied has grown over the
most recent decade, as shown in figure 1. Thus, demand growth appears to be outpacing produc-
tivity growth. Although salmon prices have been relatively volatile for some time (Oglend and
Sikveland 2008), price volatility increased markedly since the turn of the century (Oglend 2013).
This volatility suggests that either supply or demand—or both—have not been growing at a steady
pace since the early 2000s.
Measuring demand growth has not attracted the same attention in the literature as mea-
suring productivity growth, perhaps because the methodological framework to investigate de-
mand growth is not as established. Stone (1945) suggested that time trends should be used in
measuring demand growth to allow for systematic changes in tastes. Barten (1967, 1969) fol-
lowed this approach and introduced a constant term in the Rotterdam system to allow for grad-
ual preference changes. Kinnucan et al. (1997) developed a method to measure shifts in demand
caused by new information about a product by using aggregated indices of marketing expendi-
tures, health information, and media coverage. However, the probability of finding structural
shifts in demand depends on the choice of functional form, and findings of demand shifts are
just as likely to result from using the wrong functional form as from revealing actual shifts in
demand (Alston and Chalfant 1991a,b; Chalfant and Alston 1988).
Although the question of whether tastes are stable has produced an intriguing debate (Pollak
1978, 1970; Stigler and Becker 1977), stable tastes do not necessarily translate into stable demand.
Instead, demand growth or contraction may occur for various reasons, including changes in in-
come, prices of substitute and complementary products, demographics, socioeconomic conditions,
marketplace, population growth, and the appearance of new product information. Changes in
Figure 1. Quantity and Real Price of Farmed Salmon in USD 1988–2011
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quality and product forms will also affect demand. Such a multitude of effects on demand sug-
gests that demand growth is complex for any product and that there is no reason to expect de-
mand growth to be smooth over time, as is assumed when using time trends.
Marsh (2003) developed a method for measuring the total changes in demand caused by
factors other than product price. This approach allows demand to vary independently between
years and avoid restrictions that require smooth demand growth over time. Given a specified
elasticity of demand, the approach measures the difference between the actual price changes
of a product and the expected price change under the assumption of no demand shift from the
previous period. A shift in demand is the relative difference between the actual price change and
the expected price. Marsh’s approach has also been used to measure the yearly demand shifts for
salmon in the European Union and France, where measurements specify the shift in demand in
quantity direction (Asche et al. 2011). A demand shift in quantity direction is the relative differ-
ence between the expected and actual quantity under the assumption of no demand shift since
the last period. With a small adjustment to the original approach, a demand shift measured using
this approach can be defined as the percentage change in quantity demanded at a given price.
Because salmon is a globally traded commodity with significant demand growth since the early
2000s, we choose to extend the analysis of Asche et al. (2011). During the last decade, several
regions have experienced vast increases in salmon consumption, whereas other regions have ex-
perienced little or no consumption growth. Using our adjusted approach, we measure demand
growth in all major salmon-consuming regions worldwide. This method allows for an exami-
nation of both salmon demand and variation in demand growth among regions and over time.
We perform a sensitivity analysis to account for the uncertainty of the demand elasticity param-
eters. The sensitivity analysis illuminates the importance of using proper elasticity parameters
and indicates the precision of the computed shifts in demand.
THEORY AND METHOD
The approach utilized by Marsh (2003) measured demand shifts vertically, where a demand
shift can be interpreted as a shift in the consumer’s willingness to pay (WTP) for a given quantity
of a product. Asche et al. (2011) argue that quantity is the relevant choice variable for salmon
consumers and that price can be assumed to be exogenously given. They suggest that shifts in
salmon demand should be measured in the quantity direction; i.e., horizontally. Although we
agree that quantity, rather than price, is the relevant choice variable for salmon importers, we
also argue that the choice of measuring the shifts in the quantity or price direction is simply a
matter of preference. Any shift in demand is a movement of the demand schedule between two
periods. A demand shift measured using this approach is a local measure of the size of this move-
ment. Whether one measures this movement horizontally or vertically does not depend on the
price or quantity being exogenously given. For any shift in the quantity direction (horizontally),
the corresponding shift in the price direction (vertically) can also be computed (Sun and Kinnucan
2001). Figure 2 illustrates a demand shift measured in the quantity direction; i.e., horizontally.
In figure 2, Q0 and P0 are the quantity and price levels in period 0, whereas Q1 and P1 are
the quantity and price levels in period 1. The demand schedules for each period are given by
the demand curves D0 and D1. Assuming no shift in demand from period 0 to period 1, QEjD¼D0
is the expected quantity demanded at price P1. The horizontal distance between QEjD¼D0 and Q1
in figure 2 is the absolute shift in demand. Thus, the absolute demand shift is the horizontal dis-
tance between the demand schedules in periods 0 and 1. Expressing this shift in relative terms
facilitates the interpretation.
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Figure 2. A Horizontal Shift in Demand
Previous measures of demand shifts using this approach have specified the shifts relative
to the expected quantity,QE|D=D0 (Marsh 2003; Asche et al. 2011). We will rather specify the shift
in demand relative to the quantity in the first period Q0. This decision implies that a positive
demand shift of, for instance, 5%, can be interpreted as a 5% increase in the quantity demanded,
keeping the price of the product constant. This calculation is consistent with the specification of
horizontal shifts in demand in equilibrium displacement models (Alston, Norton, and Pardey
1995; Muth1964). Kinnucan and Myrland (2006) derived a one-step procedure for estimating
a shift in supply using the Marsh (2003) approach. We impose this adjustment for the shift in
demand. Figure 2 shows that the horizontal relative shift in demand from period 0 to 1 can be
defined as follows:
α ¼ ðQ1−QEjD¼D0Þ=Q0: (1)
Some slight manipulation of (1) yields:
α ¼ ðQ1−Q0Þ=Q0 − ðQEjD¼D0 −Q0ÞÞ=Q0 ¼ Q*−QE*; (2)
where (Q1 − Q0)/Q0 = Q* is the observed relative change in quantity, and QEjD¼D0 −Q0ÞÞ=Q0 ¼
Q*E is the relative difference between the expected quantity in period 1 and the observed
342 | MARINE RESOURCE ECONOMICS | VOLUME 29 NUMBER 4 2014
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quantity in period 0. We now must determine the value of Q*E . Using the common definition















The expression in the numerator is now equal to the expected relative change in quantity Q*E .
Following the slope of the demand schedule, D0, the price change corresponding to Q*E is the
relative price change, P1 − P0P0 ¼ P*. Given the change in price, P*, and a predetermined elasticity
of demand, η, we can solve (4) for Q*E :
QE* ¼ ηP*: (5)
By substituting for Q*E from (5) into (2), the relative shift in demand is as follows:
α ¼ Q*−ηP*: (6)
The shift in demand can be measured in the price or quantity direction; i.e., vertically or horizon-
tally. The associated shift in the price direction is obtained by dividing the horizontal shift by
the negative of the corresponding elasticity of demand (Sun and Kinnucan 2001). This vertical






For instance, a vertical demand shift of 10% would imply a 10% increase in the WTP for a given
quantity of the product. The size of the vertical and horizontal shifts is identical when the elastic-
ity of demand is −1. As discussed above, we measure the shifts in demand in the quantity direction;
i.e., horizontally.
DATA AND ELASTICITY PARAMETERS
Our data cover the yearly global import values and quantities of salmon over the 2002–2011
period and were made available to us by the Norwegian Seafood Council. The unit prices are
computed and expressed in local currency for each importing region and in USD for the rest
of the world (ROW). The quantities are converted to raw weight equivalents (RWE). The prices
are deflated using the OECD’s consumer price indices (CPI) for each region. For ROW, we de-
flate using the world CPI.
Historically, the United States, the European Union, and Japan have been the largest mar-
kets for farmed salmon, although emerging markets, such as Brazil and Russia, have experi-
enced substantial import growth in recent years. Therefore, we focus on these regions specifi-
cally and compute the shifts in the ROW, of which Southeast Asia comprises a significant
part of the volume. Because we are using are import data, we limit our focus on the European
Union to the EU mainland to avoid bias caused by not being able to account for local produc-
tion in Scotland and Ireland. Therefore, all references to the European Union in the rest of the
article refer to the EU mainland. Reliable consumption data for all markets in this analysis are
impossible to obtain, and Asche et al. (2011) used import data for similar reasons.
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To compute shifts in demand for a region, we must determine a value for the elasticity of
demand. Studies have found substantial variations in the estimated elasticities of demand for
salmon. Asche (1996) showed that demand became less elastic as production increased. Studies
using datasets from the 1990s and earlier have typically found that the demand for salmon is
elastic (Asche, Bjørndal, and Salvanes 1998; Asche, Bremnes, and Wessells 1999; Asche, Sal-
vanes, and Steen 1997; DeVoretz and Salvanes 1993), whereas a review of the recent literature,
using data from the late 1990s to 2010, has reported elasticity values both in the elastic and
inelastic ranges; between −0.2 and −1.7 (Aasheim et al. 2011; Chidmi, Hanson, and Nguyen 2012;
Davis, Lin, and Yen 2007; Fousekis and Revell 2004; Hong and Duc 2009; Jones, Wozniak, and
Walters 2013; Muhammad and Jones 2011; Sakai et al. 2009; Singh, Dey, and Surathkal 2012;
Tiffin and Arnoult 2010; Xie, Kinnucan, and Myrland 2009; Xie and Myrland 2011). There are
variations in the reported elasticity values for different product forms, markets, and method-
ologies.
For markets in which previous studies have reported elasticities of demand for salmon,
we set the elasticity parameter to the mean of the reported values. This process yields the fol-
lowing elasticity values: for the United States, −0.7 (Jones, Wozniak, and Walters 2013; Davis,
Lin, and Yen 2007); for the EU mainland, −1.1 (Xie and Myrland 2011); and for Japan, –1.5
(Sakai et al. 2009). Markets such as Brazil, Russia, and the ROW have a lower average income
than the European Union and Japan, for instance, and it might be expected that the income
difference would be reflected in more elastic salmon demand. However, salmon consumption
is typically higher among high-income consumers, and these consumers generally have less elas-
tic demand (Davis, Lin, and Yen 2007). Thus, it is likely that the bulk of the consumption in Brazil,
Russia, and the ROW is by high-income consumers. We, therefore, hesitate to draw inferences
about any correlations between the average income in a market and the elasticity of demand
for salmon. For Brazil, Russia, and the ROW, we set the elasticity of demand to −1, based on
Xie et al.’s (2009) global aggregate export elasticity of farmed salmon demand that was esti-
mated using a data set covering the 1998–2005 period.
RESULTS AND DISCUSSION
The results are reported in table 1. Global shifts in demand are computed by aggregating the
demand shifts in each region weighted by quantity. We set the base year, 2002, at 100, adding
Table 1. Demand Shifts 2002–2011
Year European Union United States Japan Brazil Russia ROW Global
2002 100.0 100.0 100.0 100.0 100.0 100.0 100.0
2003 100.0 106.6 82.8 104.7 124.6 102.6 101.7
2004 105.1 102.6 98.9 146.3 179.5 121.6 107.9
2005 123.4 105.2 103.1 119.9 276.1 163.1 123.7
2006 147.9 120.6 136.3 174.0 245.0 225.6 148.0
2007 137.5 123.0 117.3 203.3 285.2 254.5 146.8
2008 135.9 113.8 108.0 310.9 266.2 259.5 144.4
2009 151.2 111.0 87.3 388.5 341.4 286.5 156.7
2010 197.1 108.7 97.0 374.6 490.7 313.6 187.0
2011 185.2 128.9 118.1 411.3 500.7 357.4 193.5
Average Shift 7.75% 3.17% 3.40% 19.16% 21.66% 15.80% 7.89%
Index of demand shifts from 2002–2011, with average annual shifts. 2002 ¼ 100.
344 | MARINE RESOURCE ECONOMICS | VOLUME 29 NUMBER 4 2014
This content downloaded from 129.242.139.211 on Mon, 17 Nov 2014 09:48:31 AM
All use subject to JSTOR Terms and Conditions
demand shifts in each consecutive year, thereby illustrating aggregated shifts in demand through-
out the period. The final row in table 1 reports average annual shifts in demand.
Although all regions have positive shifts in demand on average, the United States and Japan
hibit considerably lower annual demand growth than all other regions at just above 3% annually.
In some periods, the index is also sinking, which indicates negative demand growth. Brazil and
Russia have the highest demand growth—and the highest variations in shifts between years—with
an annual rate of demand growth of approximately 20%. Growth in the European Union, the
largest market, is consistent with the findings of Asche et al. (2011), with average annual demand
growth at a rate of 7.75%. This rate mirrors global demand growth (7.89%). The differences in
demand growth between regions suggest that Brazil, Russia, and the ROW are becoming in-
creasingly important markets, whereas established markets, such as the United States and Japan,
show signs of saturation. This observation suggests that expanding by means of emerging mar-
kets may be attractive, although established markets continue to grow, perhaps because of an
increase in the number of product forms (Asche and Bjørndal 2011). However, due to the
relative sizes of different markets, a 1% increase in salmon demand from the European Union
translates to a much larger increase in the quantity demanded than a 1% increase in demand from
Russia, for instance. The results must be interpreted with this size factor in mind.
Thus, our results show that demand growth varies considerably from year to year both globally
and for each region examined.
SENSITIVITY ANALYSIS
The reported differences in region-specific elasticity values between different studies may re-
flect real differences in the elasticities between regions to a certain extent. However, it is also
possible that elasticity estimates differ among regions due to different methodological approaches.
It also may not be likely that elasticity parameters are constant over time within each region.
To account for this uncertainty, we run a simulation to investigate the sensitivity of the results
to the choice of elasticity parameters. Specifically, in our simulation we use a truncated normal
distribution and do not allow a positive elasticity of demand. Setting the variance to 0.5, and us-
ing the means for each region, we simulate 10,000 elasticity values for each region per year and
allow them to vary between years. We recompute the shifts in demand using the simulated elas-
ticity values.
Table 2 reports the mean and the 5th and 95th percentiles of the average annual rates of
the simulated shifts in demand for each region and globally.
The simulation illustrates that demand growth is positive, on average, for all regions except
for Japan, where average demand shifts may not differ significantly from zero. The simulation
illustrates that there is some uncertainty as to the size of the demand shifts for each region. For
Brazil, the size of the average yearly demand shift is the most uncertain, with 5th and 95th
percentiles of 13.5 and 25%. The simulated means in all other regions vary considerably less.
Table 2. Average Simulated Yearly Shifts in Demand 2003–2011
Percentile/Region EU (%) US (%) Japan (%) Brazil (%) Russia (%) ROW (%) Global (%)
5% 3.96 1.34 −0.38 13.48 18.04 13.34 5.96
Mean 7.77 3.53 3.38 19.22 21.63 15.84 8.00
95% 11.68 6.05 7.14 25.06 25.19 18.44 10.07
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The European Union has the second highest difference between the 5th and 95th percentile,
followed by Russia. The average aggregated global shift in demand has a lower variation than
the demand shifts for any individual region, whereas the United States and the ROW have the
lowest and second lowest variation among the specific regions, respectively. Nonetheless, the
overall pattern remains. Emerging markets such as Brazil, Russia, and the ROW have signifi-
cantly larger demand shifts than established markets, such as Japan and the United States, whereas
the European Union is level with global average demand shifts.
Considering the yearly shifts in demand, figure 3 shows yearly box plots of the simulated
shifts in demand for each region.
There is more variation in some regions than in others, and this variation differs consider-
ably among years within each region. This variation is due to the nature of the procedure. If
price remains unchanged between two periods, the shift in demand will be equal to the relative
shift in quantity, regardless of the value of the elasticity parameter. For a larger price change,
the size of the demand shift is influenced more by the choice of elasticity value. This phenome-
non can be observed in 2006, when all regions experienced a substantial price increase. There
is a larger variation in the simulated demand shifts in all regions for 2006 than for most other
years. The opposite can be observed in 2004, when the price change was relatively small for all
regions.
CONCLUDING REMARKS
Salmon is an aquaculture species that has experienced market expansion both geographically
and through an increasing number of product forms (Asche and Bjørndal 2011). Although other
species (such as sea bass) have experienced price declines that are similar to salmon over recent
decades, the increase in production volume for sea bass does not compare to the increase in
production volume for salmon. This difference suggests a major increase in demand for salmon
compared with sea bass and other species with more limited production growth. Our results con-
firm that there has been significant demand growth for salmon, but to varying extents in differ-
ent regions.
We used an index approach developed by Marsh (2003) to examine demand growth in all
major salmon-importing regions of the world between 2002 and 2011. The results indicate
that emerging markets, such as Russia and Brazil, have experienced the largest demand growth
in the period examined—at an average annual rate of approximately 20%—and that in more
established markets, such as Japan and the United States, demand has experienced the lowest
growth; approximately 3% per year. Our results indicate that demand growth for salmon is
indeed unstable and is characterized by large variations between regions and over time within
regions. These variations may partly explain the high volatility of salmon prices.
Whether this result is isolated or applies to other commodities remains to be determined.
Nonetheless, attempting to measure demand growth as a smooth process may oversimplify a
complicated process, and alternative paths should at least be considered before being rejected.
Furthermore, whereas total global demand for salmon shifted upwards by approximately 94%
from 2002 to 2011, production volume increased by approximately 50%. This difference illus-
trates the apparent discrepancy between supply and demand growth, which has led to increas-
ing prices. Assuming similar levels of demand growth in the future, the results indicate that
production could grow at a faster pace compared to the last 10 years without causing prices
346 | MARINE RESOURCE ECONOMICS | VOLUME 29 NUMBER 4 2014
This content downloaded from 129.242.139.211 on Mon, 17 Nov 2014 09:48:31 AM
All use subject to JSTOR Terms and Conditions
Figure 3. Simulated Demand Shifts Over Time for each Region and Globally
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to fall from today’s levels over the long run. In the short run, however, the unstable path of de-
mand growth will continue to contribute to the volatility of salmon prices.
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